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Tutorial: Colorado Mineral Belt Case Study  

This tutorial is based on research documented in a report titled “Geochemistry of surface 

water in alpine catchments in central Colorado, USA: Resolving host-rock effects at different 

spatial scales” by Richard B. Wanty, Philip L Verplanck, Carma  A. San Juan, Stanley E. Church, 

Travis S. Schmidt, David L. Fey, Ed H DeWitt, and Terry L. Klein.   

In their study, Wanty and co-authors carried out a sampling program to evaluate regional 

environmental geochemistry in the context of catchment lithology. This research was in an area of 

Colorado known as the Colorado mineral belt—an area of significant historical mining activities, 

which is reflected in water quality analysis for the area (Figure 1). For this project, the researchers 

used geographic data such as  catchment areas, and lithologic groups derived from regional-scale 

geologic maps  with water quality samples they collected in the field to resolve host-rock effects at 

different spatial scales. 

For this tutorial, we will learn how to use the NWIS Snapshot Tool to load  water quality 

monitoring sites that might be used for a study of this nature.  We will also find out how to narrow 

the number of sites we are interested in to a specific area, namely the sites within the Colorado 

mineral belt which are monitoring Strahler level 1 and 2 streams.  We will also use geologic data to 

identify the lithologic groups for headwaters of streams in our case study. 

  



 

Figure 1. Study area and location of Colorado mineral belt. 

 

  



Acquiring Base Layers 

This tutorial uses USGS GIS base layers acquired for hydrology and geology.  You can 

acquire these data from the location described in the following sections. 

Geology 

One of the many Web sites the USGS hosts is a Web site that provides access to the 

National Geologic Map Database, which is available from: http://ngmdb.usgs.gov (Figure 2).  This 

Web site is a resource for maps and related data about geology, hazards, earth resources, 

geophysics, geochemistry, geochronology, paleontology, and marine geology.  Using the 

Interactive Data Portal tool, you can easily review available data and download what you need. 

Figure 2. National Geologic Map Database – Data Portal http://ngmdb.usgs.gov 

 

http://ngmdb.usgs.gov/
http://ngmdb.usgs.gov/


NHDPlus Streams 

The USGS also hosts a website through Horizon Systems to allow access to NHDPlus 

Hydrography data (http://www.horizon-systems.com/nhdplus/) (Figure 3).  The NHDPlus dataset 

provides quite a bit of information in one package, including: 

 Greatly improved 1:100K National Hydrography Dataset (NHD)  

 A set of value added attributes to enhance stream network navigation, analysis and display  

 An elevation-based catchment for each flowline in the stream network  

 Catchment characteristics  

 Headwater node areas  

 Cumulative drainage area characteristics  

 Flow direction, flow accumulation and elevation grids  

 Flowline min/max elevations and slopes  

 Flow volume & velocity estimates for each flowline in the stream network 

Figure 3. NHDPlus Data Web Site http://www.horizon-systems.com/nhdplus/ 

 

http://www.horizon-systems.com/nhdplus/


Setting up base layers 

When you download sites for an area using the NWIS Snapshot Tool, you will receive sites for the 

entire extent of the current “data view” within the ArcGIS session you are using.  You may actually 

want to confine your study to a certain area based on specific criteria.  For this case study, we only 

want to look at sites within the Colorado mineral belt region that are located on Strahler level one 

and two streams whose headwaters originate in relatively uniform, homogeneous headwater 

lithologies. 

Determining a study area based on specific criteria 

A. Our first criteria for our sites is that they must be on Strahler level one and two streams 

within our study area.  So, we must first  determine  which streams meet our selection 

criteria. 

 

Step 1: Load the NHDPlus stream data into ArcGIS.  In this example, the streams are clipped 

to the study area boundary (Figure 4). 

  



 

Figure 4. All NHDPlus streams within the Colorado mineral belt study area. 

 

  



 

Step 2: Select all Strahler level one and two streams from the flowtable in the NHDPlus 

database (Figure 5). 

Figure 5. Select all Strahler level one and two streams by attributes from the flowtable of NHDPlus. 

 

  



Step 3:  Create a selection layer for the Strahler level one and two streams (Figure 6). 

Figure 6. Strahler level one and two selection layer 

 

  



B. Our second criteria is that the sites must be on Strahler level one and two streams 

located in catchments with relatively uniform, homogenous lithology.  So we must 

compare our lithology data to our HUC 12 watersheds (catchments). 

 

Step 1: Add geologic lithology group data and HUC 12 watersheds to project (Figure 7). 

Figure 7. Geologic lithology group data and HUC 12 watersheds. 

 

 

  



Step 2: Clip lithology by HUC 12 watersheds (Figure 8). 

Figure 8. Geology clipped to HUC 12 watershed boundaries for Colorado mineral belt region. 

 

  



Step 3: Union clipped geology with HUC 12 watershed boundaries (Figure 9). 

Figure 9. Geology unioned with HUC 12 boundaries. 

 

  



 

Step 4: Dissolve unioned geology by lithology group and HUC 12 value (Figure 10). 

Figure 10. Unioned geology dissolved by lithology group and huc 12 code. 

 

  



Step 5: Determine area of unioned lithology sections by HUC 12 region, and area of entire 

HUC 12 region, and then calculate the percentage of total watershed area per lithological group 

(Figure 11). 

Figure 11. Determine the percentage of lithologic type per watershed catchment area. 

 

  



Step 6: For this project, we will select all sections that are greater than 95% belonging to 

one lithology group, and consider those as relatively uniform and homogenous lithology (Figure 

12). 

Figure 12. Select areas of greater than 95% one lithologic group per catchment. 

 

  



C. Once we have identified the Strahler level one and two streams within the Colorado 

mineral belt, and we have determined which catchments are located in areas of 

relatively uniform, homogenous lithology, we have the necessary components to 

determine which streams fit all of our criteria.  We will now locate all Strahler level one 

and two streams located in our homogenous catchments. 

 

Step 10: Select all Strahler level one and two streams within the selected catchments 

(Figure 13). 

Figure 13. Strahler level one and two streams within homogenous catchments. 

 

  



 

Terrific! Now you have all of the Strahler level one and two streams that are located in 

relatively homogenous catchments, so you can now determine which NWIS Water Quality 

monitoring stations will contain information pertinent to your study (Figure 14). 

 

Figure 14. All Strahler level one and two streams that are within homogenous catchment areas. 

 

  



Acquire water quality data for streams of interest 

After we have identified the streams we are interested in, we need to obtain water quality 

information for those streams.  For this case study, we are interested in the levels of silver, lead, 

copper, zinc, found in our streams, and the pH of the water for those streams as well.  According 

to Wanty and co-authors, most of the acidic drainage (pH < 5) sampled in their study resulted from 

impacts of historical mines, although many natural acid drainages exist.  

 

Step 1: Get the surface water sites with water quality data for the extent surrounding the 

Colorado mineral belt using the Sites tab of the Snapshot NWIS DataService Tool (Figure 15). 

Figure 15. Use the NWIS Snapshot tool to load the sites of interest into ArcMap. 

 

  



 

Step 2: Create a selection layer for all NWIS sites that are within our selected catchments 

(Figure 16). 

Figure 16. All NWIS Sites within catchments of interest. 

 

  



Step 3: Select all NWIS sites located on our level one and two streams (Figure 17). 

Figure 17. All NWIS sites on level one and two streams. 

 

  



Step 4: Use NWIS Snapshot tool to download water quality data for our parameters of 

interest for the selected sites. Begin by using the parameter code picker tool to select your 

parameters (Figure 18). 

Figure 18. Parameter code picker with Cadmium 01025, Copper 01040, Lead 01049, pH 00400, Silver 01075, Sulfate 00945, and 
Zince 01090 selected. 

 
  



 

Step 5: Download all water quality data available for these paramaters for our sites for the 

available period of record (0).  Note, be sure to change the name of your selection layer to 

NWIS Sites! 

 

Figure 19. Snapshot tool with settings to download all available data for period of record for our parameters of interest. 

 

  



 

Fantastic! Now we have our water quality data for our sites of interest (Figure 20), and we 

can move on to changing the look of our data to help us examine it better using a pivot table.  

Figure 20. The NWIS Snapshot Tool has downloaded 24 water quality records for our 5 sites, although only 4 of them had data. 

 

  



 

How to make a pivot table 

Sometimes you may want to change the arrangement of rows and columns and results in a 

data table.  The NWIS Snapshot tool provides your data in a long table with all of the parameters 

for each of your sites stacked on top of one another, and if you have a large number of sites and 

parameters, this might make visually examining your data table a little cumbersome (Figure 21).  If 

you take the parameters and swing them over to become new columns for your sites, with the 

results next to each site, it may be easier to view the results.   

Figure 21. Vertical presentation of water quality data. 

 

  



Step 1: Add a new field named “PivotFieldName” to your results table and calculate it to be 

equal to the parameter name and the parameter code concatenated together (Figure 22). 

Figure 22. Calculating names for the PivotFieldName field. 

 

  



 

Step 2: Use the ArcMap Pivot Table tool to adjust the arrangement of field, records, and 

values (0). 

Figure 23. ArcMap Pivot Table tool with setting for making a pivot table. 

 

  



Step 3: Now if you join the NWIS Snapshot Sample table to your pivot table, and then join 

your selected sites to the joined sample-result table, you can view the water quality for 

your sites! (Figure 24). 

Figure 24. Joining our sites to the samples which have been joined to our pivot table. 

 

  



At last! You can now see that on December 15, 1971, Virginia Canyon Creek had significant 

levels of Cadmium, Copper and Sulfate, and a high level of acidity, likely due to mining activities 

(Figure 25). 

Figure 25. Final water quality results for our sites of interest. 
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